Melatonin (N-acetyl-5-methoxytryptamine) has emerged as a new growth regulator in plants due to its positive role in alleviation of abiotic stresses. The regulation effect of melatonin in mediation of salinity stress on antioxidative activities, growth and yield of wheat plants was investigated using genotypes Sarsabz and S-24, grown under 10 dSm -1 NaCl salinity stress. Different concentrations of melatonin (50, 100, 300 and 500 µM) were applied foliarly after 45 days of sowing (DAS). Results revealed that melatonin under salinity stress significantly improved the growth and yield of both wheat genotypes as compared to non-treated ones. The yield was enhanced to 5 and 11% by 50 µM melatonin in both wheat cultivars respectively, which increased further 44 and 48% at 500 µM melatonin level in Sarsabz and S-24 respectively, as compared to salinity alone treatment. Furthermore, foliar spray of melatonin was effective in improving the activities of catalase, peroxidase and superoxide dismutase under stress conditions in wheat genotypes. The application of 500 μM melatonin was more effective in reducing the oxidative damage under salinity stress in terms of activities of antioxidant enzymes with an alternate decrease in malondialdehyde content. The increased activities of antioxidant enzymes are positively related with an enhanced biomass production and yield showing the ameliorative effect of melatonin under salt stress condition by up regulating the antioxidative defense mechanism. Results suggested that the foliar application of melatonin can be a useful strategy to help plant combat adverse conditions for enhancing yield of wheat plants.
Introduction
Salinity is a serious abiotic stress factor limiting crop growth and agricultural productivity (Zafar et al., 2015) . According to UNEP, approximately 50% of world area is affected by salinity (Yokoi et al., 2002) . Increasing level of salt stress reduced the plant fresh and dry weights, germination rate plant length, root dry weight, rate of photosynthesis, lipids and energy production (Li et al., 2012) . Though the melatonin was discovered in earlier 1993-94 but a potential role in plants of various metabolic processes as a hormone was confirmed much later (Hardeland et al., 2011) . In plants, it is formed in very complicated way from N-acetyl serotonin (Arnao & Hernandez-Ruiz, 2014) .
Wheat, is grown in nearly all parts of the world. Pakistan stands 4 th in Asia and 11 th in the world as far as wheat production are concerned (Saeed et al., 2012) . In Pakistan, the worst threat for the production of wheat is salinity (Zafar et al., 2015) . Melatonin is found almost in every plant part but its maximum concentration (ranges from picogram to microgram) in seeds, leaves and fruits (Garcia-Parrilla et al., 2009) . Melatonin not only regulates the genes related to ethylene transduction, its synthesis and transformation, promoting the ripening of fruits and increases the yield (Sun et al., 2015) . In plants, melatonin produces auxin like affects under many stresses by decreasing the concentration of ROS. About one melatonin molecule detoxifies 20 free radicals or reactive oxygen species (Tan et al., 2007) . Melatonin is also involved in the production of abscisic (ABA) and gibberellic acid playing having key role in seed germination ).
Melatonin's most noticeable effects dependents on the concentration applied and are specific for each plant (Reiter et al., 2015) .
The current study was executed to examine the regulation effect of exogenously applied different concentrations of melatonin on growth attributes, antioxidants and yield in wheat (Triticum aestivum L.) genotypes under NaCl salinity stress.
Materials and Methods
Ten seeds of each genotype (Sarsabz and S-24) were sown in plastic pots containing 8 kg of soil (soil properties - ) was obtained after two weeks of sowing by supplying NaCl solution to the soil.
Different levels of melatonin 50, 100, 300 and 500 µM were applied foliarly at vegetative stage (45 days old plants). Factorial (completely randomized) design was applied with three replicates for each treatment. Chlorophyll contents were extracted from leaves according to the method suggested by Arnon (1949) and were calculated using formula by Davies (1976) .
Leaves were homogenized in 50 mM phosphate buffer 7.0 pH, having 1 mM dithiothreitol (DTT). Superoxide dismutase (SOD), catalase (CAT) and peroxidase (POD) were analyzed by using spectrophotometer (Dixit et al., 2001) . The activity of CAT was determined in 3 ml 7.0 pH phosphate buffer (50 mM) having 5.9 mM H2O2 and enzyme extract (0.1 ml) as reported by Chance & Maehly (1955) . Activity of CAT enzyme measured at 240 nm absorbance past each 20 sec. Every unit of activity is a change of 0.01 unit min -1 . Peroxidase is the peroxidation as an electron donor of hydrogen peroxide and guaicol (Chance & Maehly, 1955) . Add 50 mM, phosphate buffer (pH 5), 20 mM of guaicol, H2O2 (40 mM) and 0.1 mL enzyme extract. Enhanced absorbance at 470 nm by tetra guaicol formed measured after each 20 sec. A single enzyme unit was responsible for enhancing OD value of 0.01 min -1
. SOD activity (Giannopolitis & Ries, 1977) was measured as the inhibition reduction of nitroblue tetrazolium (NBT) by xanthine oxidase. Absorbance was measured by UVvisible (IRMECO U2020) spectrophotometer at 560 nm. A single unit activity exhibited 50% photochemical inhibition of NBT.
The malondialdehyde (MDA) contents were estimated by the technique of Camak & Horst (1991) . One gram fresh leaves were ground in 20 ml (0.1%) trichloroacetic acid (TCA) and centrifuge for 10 min. Take 1 ml of the supernatant, 4 ml of mixture having 20% TCA with 0.5% thiobarbituric acid added. Allowed it to heat at 95 o C for half an hour; cooled and centrifuged again for 10 minutes, absorbance of supernatant measured at 532 and 600 nm was calculated:
MDA (nmol) = Δ (A 532 nm-A 600 nm)/1.56×10 5 Fertile spikelets per spike, 1000-grain weight, biomass plant -1 and yield plant -1 were estimated at crop maturity. The collected data was analyzed by the software program Statistix version 8.1. Microsoft Excel-2007 was used to evaluate mean and standard errors, the difference of means was calculated at 5% probability level by least significant difference (LSD) test. XLSTAT software version 2014.5.03 was used to find out the significant correlations, dendrogram and principle component analysis among studied attributes.
Results
Response of two wheat genotypes (Sarsabz and S-24) to foliarly applied melatonin under saline and non-saline conditions were assessed in this study. Exhibit 17% and 9% reduction in shoot length was observed whereas 37% and 22% decrease in root length in Sarsabz and S-24 was noted respectively under saline conditions ( Table 2) . Application of melatonin exerted a positive influence on growth traits. Maximum shoot and root length in both wheat genotypes were observed by foliar application of 500 µM melatonin. Foliar applied melatonin significantly increased shoot in conjunction with root fresh and dry weight under saline but a non-significant increase under non-saline conditions. Under saline conditions, S-24 yielded high shoot, root fresh and dry weights. Sarsabz and S-24 exhibited a significant (p≤0.01) reduction (58%, 56%) in root dry weight under NaCl stress respectively.
Significant reductions in chlorophyll a (Chla) and chlorophyll b (Chlb) content of both wheat genotypes was recorded under salinity stress (Fig. 1) . Sarsabz and S-24 exhibited 54% and 9% reduction in Chlb respectively. However, application of melatonin prevents damage caused by stress on chlorophyll. Chlb content was increased with increasing level of melatonin from 50 to 500 µM. Under salinity stress, maximum Chla and Chlb content were observed at 500 µM melatonin followed by 300 µM, 100 µM, 50 µM under saline conditions and minimum was observed at salinity alone.
Antioxidant activities were significantly increased in salinity stressed wheat genotypes (Fig. 1) . Melatonin alleviated oxidative stress as manifested by further enhancing the activities of SOD, CAT, POD and a decrease in MDA contents in melatonin treated plants as compared to at salinity alone. The applied dose of 500 µM melatonin under saline conditions was helpful in minimizing the catalase activity from 134 to 116 unit min -1 in Sarsabz and from 122 to 106 unit min -1 in S-24. Overall, maximum activities of SOD, CAT and POD in both wheat genotypes were recorded in salinity alone and minimum was recorded at 500 µM melatonin. Increase in MDA content was observed under saline conditions in comparison with control in Sarsabz and S-24. However, genotype S-24 showed better response regarding MDA contents and SOD activity under saline conditions.
The most encouraging results regarding thousand grain weight in Sarsabz and S-24 were recorded in plants treated with 500 µM melatonin (39.06g, 42.29g) followed by 300 µM (38.95g, 39.79g) under salinity stress. Numbers of fertile spikelets spike -1 were significantly decreased in Sarsabz (16%) and S-24 (17%) under salinity stress as compared to control. An amplifying trend towards this attribute was observed with 500 µM melatonin followed by 300 µM melatonin under saline conditions. Data regarding biomass plant -1 and yield plant -1 revealed a decrease of 40 and 16% in Sarsabz, and 32 and 19% in S-24 respectively under salinity stress (Table 3) .
The dendrogram analysis (Fig. 2) classified all studied attributes into three major classes. Parameters grouped in classes 1 and 2 exhibited a positive correlation among themselves in a single class as well as among the class (Table  4) . However, the class 3 (antioxidants) presented a negative correlation with all other classes. Principle component analysis (PCA) (Fig. 3) grouped all the studied attributes in close relation with each other except to that of antioxidants. Of the extracted components, F1 and F2 (90.81%) showed major contribution as compared with others. The component F1 contributed 80.22% as compared to F2 10.59%. Yield plant -1 was correlated positively with chlorophyll contents and biomass. Results showed that imposition of salinity stress enhanced antioxidant activity (MDA, POD, CAT and SOD) and decreased growth attributes. Melatonin levels (µM) Sarsabz S-24 Means with same alphabet are significantly similar. *, ** and *** Means significant difference at 0.05, 0.1 and 0.01 probability levels Fs, Fm and Fg are the F values from analysis of variance of the data of wheat genotypes affected by different levels of melatonin grown under salt stress
Discussion
Salinity stress significantly reduced root and shoot length of both wheat genotypes. However, external application of melatonin improved growth of both the wheat genotypes (Table 2) . Similarly, melatonin induced growth improvement was reported in maize (Jiang et al., 2016) , Vicia faba (Dawood & El-Awadi, 2015) and soybean (Wei et al., 2014) .
The analysis of data revealed that salinity stress significantly reduced the chlorophyll contents of wheat genotypes. The findings are in harmony with Zafar et al., (2018) in wheat and Sabra et al., (2012) in Echinacea purpurea. Santos (2004) , reported that chlorophyll contents were decreased because of the reduction of 5-aminolinolic acid under salt stress. Exogenous application of 500 µM melatonin improved the chlorophyll contents and was the most effective treatment for minimizing the harmful effects of salinity (Li et al., 2012) .
The accumulation of reactive oxygen species (ROS) is harmful to plant structure and function; thereby, to restore cellular redox balance antioxidants are activated to detoxify the toxic levels of ROS (Ahmad et al., 2009) . Enzyme activities are enhanced in leaves of both wheat genotypes, suggesting that wheat activates its antioxidant system under saline condition. Foliar application of melatonin maintained the SOD, POD & CAT activities under saline conditions. It is reported that melatonin activates antioxidant defense system in plants to reduce oxidative damage .
Malondialdehyde (MDA) is produced by degradation of polyunsaturated lipids; it is accumulated in tissues as a lipid peroxidation product (Parida & Das, 2005) . Exogenous application of melatonin reduced MDA content, accounting for enhanced antioxidant response and the protective role of membranes thus increasing the plant tolerance to damage. A reduction in wheat grain yield was observed in our study which might be due to reduction in yield contributing traits like fertile spikelets spike -1 , 1000 grain weight and biomass plant -1 under saline conditions, attributed to reduced photosynthetic activity of plants (Plaut et al., 2004) . Salinity stress curtail grain filling period, significantly reduce final grain weight (Javed et al., 2003) . Reduction in plant yield under stress is a common observation, however, tolerant varieties successfully maintain higher yield than sensitive ones (Anjum et al., 2011) . Results of present study showed that S-24 maintained higher yield and yield components with exogenous application of melatonin under salt stress. However, genotype S-24 was found superior in managing biomass plant -1 , thousand grain weight and yield plant -1 . Our results were similar with Tan et al., (2012) who reported melatonintreated corn plants with greater production. It is believed that melatonin has auxin like growth promoting effects as both are structurally similar. An improvement in crop yield potential by melatonin application is reported by Wei et al., (2014) in soybean plants. 
Conclusion
Current study suggest the beneficial role of exogenously applied melatonin on growth, improvement of the antioxidant potential and yield of wheat plants under saline environment. Exogenous application of 500 µM melatonin is an effective approach to decrease the effect of salinity stress in wheat genotypes.
